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Receptor for the Cytotoxic Ugand 

Guohua Pan, Karen O'Rourke, Aruj M ™ n ™^\^ 
Reiner Gentz, Reinhard Ebner, Jian Ni,* Vishva M. Dixit t 

TRAIL (also Known as Apo-2t} la a rn^ber of me tu^^ 
family that rapidly induces apoptosts in a variety of tra ™ fom *2^ 
SSorto ^RAJL was found to be an undesenbed member of the TNF-receptor family 
^aS^^eptor-4. DR4) that contains a cytoplasmic -d<*th dorr^n- 
S^engagtng^eceH suicide apparatus but not the^ear factor Kappa B 
Savin the^tenis^ 

SSL* signal, suggesting the use of ^^^^^^ m 
chinery. Thus, the DR4-TRAIL axis defines another receptor-fcgand pair Involved in 
regulating ceU suicide and tissue homeostasis. 


receptor family (Fig. I). A putative signal 
peptide is present at the beginning of the 
molecule (amino acids -23 to -I), with the 
mature protein predicted to start at amino 
acid 24 (Ala). Residues 108 to 206 contain 
two cysteine rich pseudorepeats that resemble 
cc«resjxmding regions in TNFR-l (four re- 
peats). DR3 (four repeats), Fas (three repeats), 
and CAR1 (two repeats) (12). Following die 
transmembrane domain (amino acids 227 to 
245) is an uinacellular region containing a 
70-flmino acid stretch with significant simi- 
larity to the death domains of TNFR-l. DR3, 
Fas. and CAR! (Fig. IB). The death domain 
of DR4 is 30, 29, and 28% identical to the 
corresponding domains in TNFR-l. CARl. 
and DR3, respectively, but only 19% iden- 
tical to the death domain of Fas. Four out of 
six residues in the death domain of TNFR-l 
(Arg 3 *. Leu* 0 . Trp 3 ", and lie") (13) 
that are essential for its signaling ability are 
conserved in the DR4 death domain 
(Aig 362 , Leu 366 , Trp 39 *, and lie 421 ). Given 
the presence of a death domain and its 
ability to engage the death pathway (dis- 
cussed below), we termed this receptor DR4 
for death receptor-4. 

Tissue distribution of the DR4 transcript 
was examined by Northern (RNA) blot 
analysis. Three major transcripts of 2.6, 4.6, 
and 12 kb were detected in most human 
tissues, including spleen, peripheral blood 
leukocytes, small intestine, and thymus (Fig. 
1C). DR4 expression was also found in K562 


Apoptosis. or programmed cell death, is a tified (8). and like Fas Ugand (FasL), it in- 
p^^ndamental to the normal develop- duces rap* apoptnsis ^ P 1 ^^ 

^S^^^S^S ^JX.z££i2£'JS£ sas^""^-** 

S ^to^^Tj^^^^ - A ^ acavatcdT ^ (H) : 

privilege (for example, corneal eptrhehum), 


ing cancer, neurodegenerative disorders, and 
acquired immunodeficiency syndrome (1, 2). 
The cell death machinery cornprises effectors, 
activators, and negative regulators (3). Cer- 
tain cytokines of the TNF Ugand family and 
their cognate receptors, including TNFR-l 
and las (also known as Apol or CD95), are 
classic triggers of the suicide response (I, 3). 
TNF and Fas Ugand (also known as Apo-lL or 
CD-95L) induce apoptosts by binding to their 
respective death domam-<o ntainrn g recep- 
tors. TNFR-l and Fas. The death domain is a 
rrttxeuvprotein interaction motif that orches- 
trates the assembly of a signaling complex 
leading to the recruitment of pro-apoptotic 
proteases (caspases) related to the product of 
the CaavathtMxu dcyxns death gene ced-3 
(3-7). 

Another member of the TNF ligand fam- 
ily, named TRAIL (Apo-2L) . has been tden- 
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TRAIL expression is deterr ed in many nor- 
mal human tissues, suggesting that TRAIL 
must not be cytotoxic to roost tissues in vivo 
(8, 9).GrvmrhatTRAIL'uamenu^rfthe 
TNF Ugand family and has marked pro- 
apoptoric potential for transformed cells, it 
was reasonable to assume that it bound a 
death dorrauv<rjntaining member cf the 
TNF-receptor family. However, the inability 
of TRAIL to bind TNFR-l. Fas, or the re- 
cently identified death tkmain-<c*itaining 
receptor DR3 (also called WsU , Apo-3, and 


Upon overexpression, TNFR-l, Fas. and 
DR3 are activated in a ligand-independent 
manner and induce apoptosb (7, 10). On the 
basis of this observation, we examined wheth- 
er overexpression of DR4 could suxularry trig- 
ger ap upio si s. MCF7 human breast carcinoma 
cells and 293 human embryonic kidney cells 
were t ransien tly rxansfected with a DR4-ex- 
ptessing ccctsmxx Mast transfected cells un- 
derwent the rrKKphological changes charac- 
teristic of apoptosts (Fig. In A to C). As 
anrkipated, deletion of the death domain 
abolished the ability of DR4 to engage the 


f 


^\MP) (8, 10) suggested that TRAIL may death pathway. m4-tnduced arxTprais was 
ivruvix ; \u, iv,««v^ ■ » ^n^^j. Ul^lmA Kv th« casmse inhibitors 


interact with a yet unknown member of the 
TNF-receptor family. 

To idenufy such a receptor, we searched 
an expressed sequence tag (EST) database 
with the death domain of TNFR-l (Fig. IB). 
A human EST clone was iiurjaUy found that 
encoded a previously unidentified death do- 
main. Subsequent cDNA library screening 
and DNA sequence analysis led to the isola- 
tion of a done encoding an open reading 
frame of 468 amino acids with features char- 
acteristic of a cell surface receptor (Fig. 1A) 
(11). Database searches, sequence alignment, 
and hydropathy analysis revealed the encoded 


effkaendy blocked by the.caspase inhibitors 
s~VAD4rok and CrmA« unplicatmg the in- 
volvement of apical pro-apoptotic proteases 
(7) (Bg. 2D). Because apoptnsis induced by 
JNFR-1, Fas, and DR3 is also attenuated by 
these same inhibitors (7. 10), k is likely that 
the downstream death efTector molecules are 
similar in nature. 

FADD (also called MORT1) is the com- 
man nmy*""'" adaptor molecule recruited 
by Fas, TNFR-l, and DR3 to engage the 
downstream death machinery (6. 10, 15). We 
tested if DR4 could also use FADD to trans- 
mit the death signal. We cooansfceted 293 
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The Receptor for the Cytotoxic Ugand 

Guohua Pan, Karen O'Rourke, Anil M. Chinnaiyan, 
Reiner Gentz, Reinhard Ebner, Jian Ni • Vishva M. Dixirt 

TRAIL (also known as Apo-2L) k a member of the tumor necrosis factor (TNF) ligand 
(amity that rapkfly induces apoptosts in a variety of transform^ 
receptor for TRAIL was found to be an undescribed member of the TNF-receptor family 
(designated death receptor-4. DR4) that contains a cytoplasmic "death domain- 
capable of engaging the ceH suicide apparatus but not the nuclear factor kappa iB 
pathway in the system studied. Unlike Fas, TNFR-1 , and OR3, OR4 could not use FADD 
totransmit thedeath signal, suggesting the use of distinct proximal signaling ma- 
chinery. Thus, the DR4-TRAIL axis defines another receptoHigand pair involved in 
regulating ceil suicide and tissue homeostasis. 
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Apoptosb, or programmed cell death, is a 
process fundamental to the nonnal develop- 
ment and homeostasis of multicellular organ- 
cms. Deregulation of rxogrammed cell death 
leads to a number of human diseases, includ- 
ing cancer, neurodegenerative disorders, and 
acquired irmnunodeficiency syndrome (J, 2), 
The cell death machinery comprises effector*, 
activators, and negative regulators (3). Cer- 
tain cytokines of the TNF ligand family and 
their cognate receptors, including TNFR-l 
and Fas (also known as Apo~l or CD95), are 
classic triggers of the sukkk response (I v 3). 
TNF and Fas ligand (also known aiApo-lL or 
CD-95L) induce apoptosb by binding to their 
respective death oVsmain-containing recep- 
tors, TNFR-l and Fas. The death domain is a 
protein-procein interaction rootif that orches- 
trates the assembly of a sig naling complex 
leading to the recruitment of pro-apoptotic 
proteases (caspases) related to the product of 
the CoCTorfaMttg demons death gene ced-3 
(3-7). 

Amither tnember of the TNF Ugand fem- 
ily, named TRAIL ( Apo-2L) t has been iden- 
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tifted (8). and like Fas ligand (FasL), it in- 
duces rapid apop tosi s in transformed cell 
lines of diverse origin (8). Unlike FasL, 
whose transcripts are predominantly restrict- 
ed to stimulated T cells and sites of immune 
privilege (for example, corneal epithelium), 
TRAIL expression is detected in many nor- 
mal human tissues, suggesting that TRAIL 
must not be cytotoxic to most tissues in vivo 
(8 f 9).GrvmthatTRAILisaincjnberofthe 
TNF ligand family and has marked pro- 
apoptooc potential for transformed cells, it 
was reasonable to *««»«f"» that it bound a 
death domau>-containing member of the 
TNF-recerxorfarniry- However, the inability 
of TRAIL to bind TNFR-l, Fas, or the re- 
cently identified death ckxnairv-conrairung 
receptor DR3 (also called WsH , Apo-3,and 
TRAMP) (8, 10) suggested that TRAIL may 
interact with a yet unknown member of die 
TNF-receptor family. 

To Identify such a receptor, we searched 
an expressed sequence tag (EST) database 
with the death cfcxnain of TNFR-l (Fig. IB). 
A human EST done was initially found that 
encoded a previously unidentified death do- 
main. Subsequent cDNA library screening 
and DNA sequence analysis led to the isola- 
tion of a clone encoding an open reading 
(tame of 468 amino acids with features char- 
acteristic of a cell surface receptor (Fig. 1A) 
(II). Database searches, seo^ience alignment, 
and hydropathy analysis revealed the encoded 


protein (DR4) to be a member of the TNF- 
receptor femily (Fig. 1). A putative signal 
peptide is present at the beginning of the 
molecule (amino acids -13 to -1), with the 
mature protein predicted to start at amino 
acid 24 (Ala). Residues 108 to 206 contain 
two cysteine-rich pseudorcpeats that resemble 
corresponding regions in TNFR-l (four re- 
peats), DR3 (four repeats), Fas (three repeats), 
and CAR1 (two repeats) (12). Following the 
transmembrane domain (amino acids 227 to 
245) is an intracellular region containing a 
70-amino acid stretch with significant simi- 
larity to the death domains of TNFR-l, DR3, 
Fas, and CARl (Fig. IB). The death domain 
of DR4 is 30, 29, and Z8% klentieal to the 
corresponding domains in TNFR-l, CARl, 
and DR3, respectively, but only 19% iden- 
tical to the death domain of Fas. Four, out of 
six residues in the death domain of TNFR-l 
(Arg>* Leu* 0 , Trp 3 * and lie**) (J3) 
that are essential for its signaling ability are 
conserved in the DR4 death domain 
(Arg 361 . Leu 366 . Trp 391 , and lie 4 * 1 ). Given 
the presence of a death domain and its 
ability to engage the death pathway (dis- 
cussed below), we termed this receptor DR4 
for death receptor-4. 

Tissue distribution of the DR4 transcript 
was examined by Northern (RNA) blot 
analysis. Three major transcripts of 2.6, 4.6, 
and 72 kb were detected in most human 
tissues, including spleen, peripheral blood 
leukecytes, small intestine, and thymus (Fig. 
1C). DR4 expression was also found in K562 
erythtoleuketnia ceils, MCF7 breast carcino- 
ma cells, and activated T ceils (H). 

Upon overexpression, TNFR-l, Fas, and 
DR3 are activated in a ligand-independent 
mannex and induce arxxxosb (7, 10). On the 
basis of this observation, we nraminrd wheth- 
er overexriression of DR4 could similarly trig- 
ger apeptosis. MCF7 human breast carcinoma 
cells and 293 human embryonic kidney cells 
were transiently transferred with a DR4-ex- 
pressing construct Most cransrected cells un- 
derwent the inccphological changes charac- 
teristic of arxxxosts (Fig. 2, A to C). As 
arttiripated, deletion of the death domain 
abolished die ability of DR4 to engage the 
death pathway. DR4-induced apoptosis was 
efficiently blocked by the.caspase inhibitors 
s-VAD4mk and CrtnA, indicating the in- 
volvement of apical r*o-apofXDtic proteases 
(7) (Fig. 2D). Because apoptosis induced by 
TNFR-l, las, and DR3 b also attenuated by 
these same inhibitors (7. 10), It is likely that 
the downstream death eftxror molecules are 
similar in nature. 

FADD (also called MORT1) is the com- 
mon mt raceflular adaptor molecule recruited 
by Fas, TNFR-l, and DR3 to engage the 
downstream death machinery (6, 10, 15). We 
tested if DR.4 could abo use FADD to trans- 
mit die death signal. We cotransfceted 293 
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cells with constructs expressing hemaggluti- 
nin (HA) epitope-tagged FADD (HA- 
FADD) and FLAG epiropc-oggcd DR4 


(FLAG-DR4) or FLAG-Fas. Cowimunoote- 
cipitation was done to determine whether in 
vivo associations occurred (Fig. 3A). Unlike 


Fas, DR4 did not'bind FADD, and consistent 
with this, dominant-negative FADD had little 
effect on DR4- or TRAlL-induccd apoptosis 


A 
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The nucleotide sequence la avatafaie through 

I. . , . , GenBank accession number U90675. The open 

I^IilTil'iiifflf SKT'&SS reac^ frame (or DR4def^a type Itraramenv 

i. brana protein of 468 amino adds. The mature 
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Fig. 2. OBi-induoad apo- 
ptosis in mammafian eels. 

Ectopic expression of 0R4 

induces apoptosis in both 

MCF7 (A and B) and 293 

cefls (CJ. MCF7 and 293 

cefia were cotransfected 

with DR4, 0R4A, TNFR-1, 
or TNFR-to> together with a 
|^ga1act06idase-*xpfeas- 
ing reporter constiuct {19). 
Twenty-tour hours after trartstectton, cats were stained with 5-txomo~4- 
cnloro-3-*Ktoyt-frO^^ and examined (ft 30). The 

data frneen ± SO) represent the percentage ol round, apopiotic cetle as a 
(unction of total p-galectosttase^K»^ cess <n ■■ 3V (D) Apo- 
ptosis bcU^ by OmieH^edbycaspQ» 

neo^FA«)f -q.&07 eels were in the 

presence of z-VAD-*nk (z-V.) (20 >iM) or oo-trensfected with a toudoW 
exoass of a DmA (Crj-expresarig oon^ 
represented as in (B) and (CJ. 
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£ie ,2D> (8). In a similar experiment. DR4 
noc bind either TOADD or WP(Fig. 
3A), adaotor molecules mvohred «n ilWK- 
lndDR3signaling(8 I I6),orRAlDD(3. 14). 
Next, we determined if DR4 could activate 
nudear factor kaopa B (NF-kB), a character- 
isric of TNFR-i and DR3 signaling. Like Fas, 
DR4 was incapable of NF-kB acrivanon in 
diis cell line (Fig. 3B). Simibrly. TRML 
failed to activate NF-kB in MCF7 cells (Rg. 
3C)* 

To determine if DR4 is capable of bind- 
ing TRAIL, we expressed the extracellular 
ligand-buiding domain of DR4 as a fusion 
to the Fc region of human immunoglobulin 
G UgG) (DR4-Fc) (Fig. 4A). TRAIL selec- 
tively bound to DR4-Fc but not to the 
corresponding extracellular domains of 
TNFR-i or Fas-Fc similarly expressed as Fc 
fusions. In addition, DR4-Fc did not bind 
either TNF-a or FasL under conditions 
where both of these ligands bound their 
cognate receptors (Rg. 4A). Further, the 
ability of TRAIL to induce apoptosis in 
MCF7 cells was specifically blocked by 
DR4-Fc but not by TNFR1 -Fc, Fas-Fc, or Fc 
alone (Fig. 4, B and C). As expected, TNF- 


a-induced apoptosis was inhibited by 
TNFR'l-Fc but not by DR4-Fc, Fas-Fc, or 
Fc alone (Fig. 4D). Taken together, the 
data are consistent with DR4 being a recep- 
tor for TRAIL 

TNFR-1, Fas, and their respective li- 
gands were the only death receptor-ligand 
pairs previously characterized. Here we 
identified DR4 as the receptor for the pro- 
apoptotic ligand TRAIL Similar to TNFR- 
1, DR3, and Fas, DR4 contains a death 
domain capable of engaging the suicide ma- 
chinery and the apoptotic proteases that 
compose it Unlike the known death recep- 
tors, however, DR4 signaled cell death dif- 
ferently, independent of FADD. Function- 
ally, die DR4-TRA1L complex is most ro- 
tated to the Fas-FasL complex, which can 
trigger apoptosis in a wide variety of cell 
lines and usually does not activate NF-kB. 
In vivo activation of the Eas pathway causes 
massive liver destruction in mice (17). It 
will be interesting to determine whether 
activation of the DR4 pathway will have 
similar toxicity in vivo- In addition, target- 
ed disruption of the DR4 gene may provide 
insights into the physiological role of DR4. 
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Mth tfie Fc portion of human iwuwgfc**** G - 
cONAs encodng soiuria 1WL (amino acids 95 to 
28l)arrtsoU^T>T-«(amir«ac«s77tomwore 
obtained by PCS and subdoned Wo pCMVIFtAG 
a^pSac*^(!nvltiogen),r^ 

2a Cel deam assays were performed as described (6). 
MCF7 cats were tfan stectad by using the Ipo- 
fectamne procedure (BOL) ao u u nin g to tne menu- 
facturefs li a uctio ns. The 293 eels were trans- 
f8C%»dbyma»rac4afciOTphospr^ 

21. to^Haractaaridr#^lucltaasaa 
dona as desenbed <r0). 

22. Wtranslected 293 eels wilhcons&uc»e^ 
W raceptor-Fc cNmeraa or Igands. and the oonoV 
tion»dmadtaw8srervesied72toa0r<x^ 
89dbycertrtbc^<»*^8ndsi^ 
bhdhg assays, equal amounts ot leoaptor-fc- and I- 
gara^oontare^ corrftonedmede were mbted ntxit- 
Jr contanhg 50 mM Heper. pH 7j0l 150 mMNaa t 
nMBJTK OS % NP^a and a protease ir«3itormDc- 
tmandt«samptswasrcdbaMat4^w1thccr^ 
uouiiotttoty4twi.fteoeptor-f ^ 
oswemrxecip*atedwinpn^e*iG-5^Aw^ex^ 
a^wa^w4itr«at)0><ebuflBr,bolBdnSOS^ 
i^buttar.endresofc^ona12%SDSiX)l^acfytaTtwle 
gat Bound Icends wen IdertMadbyitmwottioCt^. 

23. A PCR tagnent ancoclng soMHe FLAG-TRAIL 
bnto acids 95 to 281) was cloned into the rts-tag 
vector pET15b (Novegert The Hb-flAG-TRAIL 
was puriied by nctai cheWa aflntty chrornatogre' 
pry aouu U i ng to the menutactuny's nstngtion*. 

24. Wa thank a Negate far the Fes-Fc and soaAia Fed, 
expression oanssucta. J. flratt and other members ot 
tr«Cbt^farhe^*a«akra 
hg rts-aAG-TWL CfCfteh. I Jones lor assistance n 
oepernqthatgifea. andi. OaJahnter secretanethelD. 
Supported by NMc/ants 89081 11 and 0AMD1 7-96- 
t^OOBS. 


6 retfuary 1997; accepted 28 February 1997 


htr^//wivw^icnc«nag.org • SCONCE • VOL 276 • 4 APRIL 1997 


113 


